Background: Blood is precious and should be utilized judiciously with minimal wasting. By analyzing the data and the reasons for discard, the blood transfusion service can develop plans to evaluate causes that lead to discard of blood and its components and interventions that can be used to optimize their use by training and education. Aim: (1) The aim of the study was to evaluate causes that lead to discard of blood and its components and interventions that can be used to optimize their use by training and education, (2) to introduce possible strategies for minimizing blood wastage, and to observe and compare the discard rate after the implementation of strategies. Materials and Methods: The study of analysis on discard of blood and its products was carried out retrospectively from January 2014 to December 2016 (36-month period), and the data were collected from the blood bank database system using Easy Software in the Department of Transfusion Medicine, Shri M P Shah Govt. Medical College, Jamnagar in Western India. The results were analyzed using Microsoft Excel 2007 database sheet, percentage calculated and Chi-square test was applied between different variables with P value set a significant when <0.05. Results: A total of 66,255 blood units were collected during the study period of 36 months. Out of 66,255 blood units collected, 44,617 were whole blood (WB) whereas components were prepared from remaining blood units. A total of 21,638 packed red blood cells (PRBCs), 6840 platelet concentrate (PC), and 14,372 fresh frozen plasma (FFP) were prepared. Average discard rate of the present study was 6.95%. Discard rate for WB, PRBC, PC, FFP was 3.15%, 2.26%, 28.39%, and 5.36%, respectively. Conclusion: To minimize wastage of blood, there should be proper implementation of blood transfusion policies and coordination between hospital and blood bank staff. Strict adherence to donor selection criteria, taking proper predonation history and counseling, software to identify transfusion transmitted infection (TTI) positive donors, and deferring suspected professional donors who have been screened previously may help in reducing discard due to TTI positivity. Process improvements such as technical expertise in phlebotomy, prevent red blood cells (RBC) contamination during platelet and FFP preparation, precaution during thawing of FFP to prevent leakage, and increased use of apheresis technique prevent wastage of blood components. Continued medical education for technical staff to maintain self-audit, tracking quality indicators of processing and preparation of the blood components,
Introduction
B lood transfusion service (BTS) is an integral part of modern medicine without which efficient medical care is impossible. [1] The aim of BTS should be to provide effective blood and blood products, which are as safe as possible and adequate to meet patients' need. [2] Whole blood (WB) is a mixture of red cells, white cells, and platelets suspended in plasma. As different blood components have different relative densities, sedimentation rate and size they can be separated when centrifugal force is applied. [3] Each blood component is used for different indication; thus, the component separation has increased the utility of one WB unit. Advance in medical technology demands more and more provision of safe blood for the effective management of patients. [4] To deal with the ever increasing demand and supply of blood and its components in resource-constraint settings such as ours, more stringent criteria should be applied for blood donations and for proper utilization of blood. The rate of discarded blood components or "wastage rate" is one of those indicators and has been listed third among the ten quality indicators recommended by National Accreditation Board for Hospitals and Healthcare providers. [5] It has been estimated that one-third of all patients admitted to Intensive Care Unit in the developed world receive a blood transfusion. [6] Much of medical and surgical specialties depend on the steady supply of blood from voluntary, nonremunerated, healthy, and low-risk donors. [1, 5, 7, 8] To overcome demand and supply gap, the performance of BTS can be increased either by increasing the level of resources used in the collection and production of blood components or by utilizing existing resources more efficiently. [9] Hence, each unit of blood is precious and should be utilized judiciously with minimal wasting. By analyzing the data and the reasons for discard, the BTS can develop plans to improve performance through education and training of staff and introducing new measures to minimize the number of discarded blood to a reasonable rate. [10] This can help in formulating proper guidelines for donor screening, component preparation, and storage. Protocols for minimizing the wastage of blood and components should be formed in each blood bank to save human and financial resources. The present study was designed to analyze the various reasons for the discard of WB and blood components in a blood bank attached to a tertiary care setup. It is also intended to suggest various possible strategies for optimum utilization of blood and reduction in its wastage. Aim 1. To evaluate causes that lead to discard of blood and its components and interventions that can be used to optimize their use by training and education 2. To introduce possible strategies for minimizing blood wastage and to observe and compare the discard rate after the implementation of strategies.
Materials and Methods

Study design
The study was carried out in the blood bank of Guru Gobind Singh Govt. Hospital, Shri M P Shah Govt. Medical College, Jamnagar in Western India over a period of 36 months from January 2014 to December 2016.
Type of study
It was a retrospective study.
Inclusion criteria
The present study includes blood units discarded for different reasons, which include transfusion transmitted infection (TTI) positivity, expired, suboptimal volume, leakage, clotted, hemolyzed, contamination of RBCs, not utilize after issue, lipemic and icteric blood units discarded during the study period over 36 months in present institution. Blood components such as packed RBC (PRBC), platelet concentrate (PC), and fresh frozen plasma (FFP) were prepared regularly from 350/450 ml blood bags under all aseptic conditions according to (FDA) Food and Drug Administration guidelines as per demand and workforce available in the blood bank. [11] Exclusion criteria (1) PC and FFP (RBC contamination: <0.5 ml), A total number of WB and components discarded due to various reasons and average discard rates with statistical signifi cance are shown in Table 1 .
It was observed that the average discard rate was 6.95%, of which the discard rate for WB, PRBC, PC, FFP is 3.15% ( Table 2 .
The overall prevalence of HIV, HBV, HCV, and syphilis for WB as well as components was 0.09%, 0.55%, 0.07%, and 0.07%, respectively. Among seroreactive units, hepatitis B surface Ag positivity was the most common. None of the units tested were detected positive for malaria parasite. A comparison of data from the present study with various published studies is shown in Table 3 .
D
Blood transfusion is an essential part of modern-day health care. The need for blood and blood components is presently increasing due to improved and accurate diagnosis of complex diseases requiring transfusion, emergence of newer treatment modalities, and due to increased number of aging population with increased blood needs. [12] Proper blood management at blood bank will reduce unnecessary wastage of blood and blood components. The self-audit of WB and blood components discarded over a period of time gives an idea about various reasons of discard. [13] The present study showed that average 6.95% (4,604/66,255) blood units were discarded. The average discard rate in the studies by Morish et al., [10] Kora et al., [14] Kumar et al., [15] Thakare et al., [16] Suresh et al., [17] Patil et al., [12] Bobde et al., [18] Sharma et al., [19] Ghaflez et al., [20] and Deb et al. [21] were 2.3%, 4.3%, 8.4%, 3.6%, 7.0%, 22.45%, 6.63%, 8.69%, 12.0%, and 14.61%, respectively.
Discard rate for WB in the present study was 3.15% (1,404/44,617) which was slightly lower than quoted by Suresh et al. [17] (5.7%), Bobde et al. [18] (6.63%), and Sharma et al. [19] (4.46%). The most common reason for discard of WB was suboptimal volume collected which was 19.0% (875/4,604) of total wastage, followed by TTI positive 8.6% (396/4,604), clotted/hemolyzed 1.3% (61/4,604), expiry 0.65% (30/4,604), and other reasons 0.9% (42/4,604). Other reasons for wastage of WB included leakage, not utilized after issue, and lipemic/icteric, of which leakage 0.8% (35/4,604) was the most common cause. Main reasons for less quantity of blood were phlebotomy failure such as collapse of vein and acute donor reaction such as uneasiness, vomiting, perspiration, hematoma formation, and fainting during donation. This can be resolved by the selection of healthy donors with training and motivation of blood bank staff. Another reason for clotted and low volume may be due to using uncalibrated blood collection monitor and spring balance, thus making it unable to measure accurately the volume of blood in the bag.
Discard rate for PRBC in the present study was 2.26% (488/21,638) which was lower than quoted by Suresh et al. [17] (3.3%), Sharma et al. [19] (3.2%) and similar to Bobde et al. [18] (2.0%). The most common reason for discard of PRBC was suboptimal volume 6.1% (282/4,604) of total wastage, followed by TTI positive 2.7% (124/4,604), clotted/hemolyzed 0.8% (39/4,604), date of expiry 0.5% (24/4,604) , and other reasons 0.4% (19/4,604) . Main reason for the suboptimal volume of PRBC was aliquots (pediatric transfer bags) issued to thalassemia and pediatric patients. In the present study, Table 1 showed that, in 2014 and 2015, discard rate of PRBC was higher than WB. Proper stock inventory and preparation of aliquots as per demand with aseptic precaution prevent the discard rate of PRBC due to suboptimal volume and that was achieved in 2016.
PC was the most common component discarded during the study period. The average discard rate for PC was 28.39% (1,942/6,840) which was higher than Bobde et al. [18] (26.2%), lower than Ghaflez et al. [20] (58.1%), and Sharma et al. [19] (43.6%). The most common reason for discard of PC among other components was date of expiry 40.8% (1,883/4,604) , followed by TTI positive units 0.8% (35/4,604) , not utilized after issued 0.24% (11/4,604) , and contamination of RBCs 0.2% (9/4,604) . High discard rate of PC was because of short shelf life of 5 days.
Average discard rate for FFP in the present study was 5.36% (770/14,372) lower than Bobde et al. [18] (7.6%) and Sharma et al. [19] (6.2%). The most common reason for discard of FFP was leakage 12.6% (580/4,604), followed by TTI positive units 1.93% (89/4,604), date of expiry 1.3% (60/4,604), and other reasons 0.9% (41/4,604). Leakage was the most common cause of wastage of FFP which can be minimized by putting FFP units in a cardboard or polystyrene protective container that minimizes the risk of breakage of product during storage, handling, and transportation. [13] Other reasons of discard comprised of not utilized after issue, suboptimal volume, lipemic/icteric plasma, and RBC contamination; of which not utilized after issue 0.4% (19/4,604) was most common in the present study. Reasons of failure to utilize after issue were death of patients, transfer of patients to higher center, wrong product demanded, and an excess number of units ordered. The suboptimal volume and RBC contamination can be decreased by technical expertise in component preparation. The lipemic discards can be minimized by proper donor questioning regarding their interval between donation and time of the last meal.
The shelf life of platelet is 5 days. Hence, their chance of expiry due to nonutilization was highest among blood components. In the present study, if the data of PC due to expiry (1,883 units) were excluded, the total discard rate found was 4.11% (2,721/66,255). The wastage of PC can be reduced by preparing it as per the requirement, urgency, and increased use of apheresis technique. In the present study, the average discard rate of PC due to expiry was 27.53% (1,883/6,840) [ Table 2 ]. The average rate of discard of PRBC and WB was 2.26% and 3.15%, respectively. The storage period of PRBC is 42 days when it contains Saline-Adenine-Glucose-Mannitol (SAG-M) as a preservative; for WB, it is 35 days at temperature of 2-6°c and FFP was stored for 1 year at −30°C or below. The reason for expiry of PRBC, WB, and FFP was due to failure in proper implementation of first-in-first-out (FIFO) policy. This can be prevented through continuous monitoring and proper implementation of FIFO policy with maintaining stock inventory on a regular basis. [22] In the present study, 0.05% (34/66,255) blood was discarded due to nonutilization after issue. Sensitization of doctors and residents was done regarding indication and use of blood and its components, and they were instructed to send back units not utilized after issue within 15-30 min to the blood bank maintaining cold chain and sterile condition. WB, PRBC, and PC were taken back to inventory if returned back within 15-30 min (provided cold chain and sterile condition maintained). FFP was taken back inventory if returned within 15-30 min of issue and was stored at 1-4°C. The same was used within 24 h of return.
A large-scale study conducted in 17 blood centers in ten European countries from 2000 to 2002 reported that the mean platelet discard rates for the 3 years were between 6.7% and 25%. However, the annual mean discard rates from 2000 to 2004 remains at 13%. The discarded platelets included all the platelet units which were damaged during processing regardless of the preparation method as well as those that expired. [23] In the present study, PC scored the highest at 28.39% (1,942/6,840) when compared with the other blood components. In the same European centers, the mean for packed RBC discard rate was 4.5%, varying annually from 0.2% to 7.7%. [24] In the present study, the discarded rates of packed RBCs were 2.26%, which is comparable to European center study results. Discard rate for PC due to expiry, WB, and PRBC in the present study was 27.53% (1,883/6,840), 3.15% (1,404/44,617), and 2.26% (488/21,638), respectively, which was comparable with a study by Mahapatra et al. [22] (10.58%, 1.46%, and 4.93%). The current study showed that the FFP (5.36%) and PRBC (2.26%) discard rates were high comparable with the Novis study in the USA, which reported that the discard rates of FFP ranged from 2% to 2.5% and RBC ranged from 0.1% to 0.7% in 1639 hospitals. [25, 26] In the present study, over 
Conclusion and Recommendations
Blood being an irreplaceable resource needs to be proper utilized and to minimize wastage of blood there should be proper implementation of blood transfusion policies and coordination between hospital and blood bank staff.
Suggested strategies that would maintain discard of blood as low as possible are as follows: 1. To maintain blood group-wise records of voluntary donors so that they can be contacted as and when required 2. Proper scheduling of blood donation camps should be coordinated as per the stock available in blood bank 3. Use of advance software in blood bank and hospital ward for proper coordination between clinicians and blood bank staff 4. Strict adherence to donor selection criteria, proper predonation history taking, and counseling and software to identify TTI positive donors and suspected professional donors who have been screened previously 5. There is also a need to encourage, inspire, and motivate voluntary donors to donate blood at regular intervals and become nonremunerated donors. This will reduce the risk of TTI positivity 6. Increased use of apheresis technique to prevent wastage of components such as platelets whose demand cannot be predicted, should be prepared on demand and urgency 7. Proper handling of blood units and stringent storage condition to prevent hemolysis, clotting, and bacterial contamination. Education and training to technical staff for 350/450 volume collection with the use of calibrated blood collection monitor even in camps 8. Technical expertise in phlebotomy, component preparation to prevent suboptimal volume collection of WB, RBC contamination, and precaution during storage and thawing of FFP to prevent rupture/leakage such as the use of polystyrene protective containers 9. Proper implementation of FIFO policy, preparation of aliquots as per demand, and maintaining stock inventory on regular basis 10. Continued medical education for technical staff to maintain self-audit, follow quality indicators of processing and preparation of blood components, and to monitor the rational use of blood and its components can review the blood management system.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
